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EFFECT OF ENVIRONMENT ON THE PHYSICAL STRUCTURE OF THE
PEA.NUT (Arachis hypogaea L.)
C lyde T.. Young and William E. Schadel
Department of Food Science
N.C. State University
P.O. Box 7624
Raleigh , NC 27695

Introduction
Drought conditions persisted throughout the summer of 1980
in all three of the United States peanut grow ing regions (USDA,
1981). Temperatures were above norma l and rainfall was well
below average for the summer mo nths. By August , temperatures
were abnormally high setting records in some areas. In December, our peanut laboratory was involved in the evaluation of these
peanuts because of a severe off-flavo r probl em. In the observation of these peanms, the following abnormaJities were noted:
(1) ti ssue damage which appeared as spotting on the outer surface of the cotyledon ; (2) tissue damage which appeared as a
narrow band along the edges of the inner surface of the cotyledon; and (3) a flattened inner surface of the cotyledon without
its character istic indentation. Similar observations were made
with peanuts grown in the ensuing years under similar conditions
of growth. Thus, it appears that changes in the structural features
may be related to changes in fl avor of peanuts.
Peanut seed anatomy and cytology have been investigated by
Woodroof and Leahy (1940) , Yarbrough (1949) , Bagley et al
(1963) , Jacks et al. (1 967) , and Vaughan (1970). More recen tl y.
observations were made on the appearance of cell walls and the
major subcellul ar components of both norma l and pressed
peanuts (Schadel et al. , 1983) . Also, light and sca nning e lectron mic roscopy clearly showed pitting of parenchyma cell wall
in no rmal peanut seed
In accordance with the statement of Chabo t (1979) that "the
goal of the food scienti st is to understand structural features of
a material that are im portant in its functional role in food,'' we
used scanning electron mi croscopy (SEM) for this study to examine structural differences between normal and environmen tally stressed pea nuts in an attempt to learn more about the
phys ical defects in stressed peanuts and their possible role in
causing fl avo r defects

Peanuts produced under the drought conditions of 1:980 were
marred by off-flavors when processed. Several phys ical characteri stics of these peanuts were noted to be related to these flavor
problems. Thi s paper deals with the invest igati on of tlhese physical peculiarities using scanning electron microscopy. Major
findings include prev iou sly unrepo rted physica l abno rmalities
such as: (1) ti ssue damage which appears as spotti ng on the outer
su rface of the cotyledon which is a result of cracking and fissuring; (2) tissue damage which appears as a narrow b::and along
the imerface of the outer rounded surface and the flatte ned edge
of the inner sur fa ce; and (3) a fl attened inne r surface of the
cotyledon
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Materials and Methods

The use of trade names in thi s publication does not imply
endorsement by the North Carolina Agricultural Rese.arch Service, nor critic ism of similar ones not mentio ned.

The cotyledons of resting peanut (Arach is hypogaea L. cv
Florunner) seed were examined with a dissecting microscope
for physical structural characteri stics. They were divided into
two groups: (I) cotyledons with normal physical characteristics
associated with environmentally unstressed peanuts; and (2)
cotyledons with abnormal phys ical characteristics associated
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Fig. 1. Normal peanut slructure: (a) Epidermal cells of the
outer rounded surface of the cotyledon; (b) Epidermal cells
with stomata (S) on the inner surface of the cotyledon; (c)
Tmnsverse section of the isodiametric parenchyma cells; and
(d) Transverse section of a single parenchyma cell. Arrows
point to the membrane-limited spherosomes (lipid bodies)
about 1- 2 J.L nl in diameter, among the larger protein bodies
and starch grains. Bars = 40.0 J.L nl .

with e nvironmenlal stress. Whole cotyledons, transverse sec·
tions of the mid-region of cotyledons , and ti ssue bl ocks (2
mm3) from the mid-region and the outer and inner surfaces of
the Cotyledons were fixed in 4 % glutaraldehyde in 0.05 M
sod ium cacody late, pH 7.0, for 48 hours. The sa mples were then
rinsed and post-fixed in 1% Os04 in 0.05 M sodi um cacody late,
pH 7.0 for 2 hours. After wash ing in 0.05 M sod ium cacody late
buffer, the ti ssue blocks were trimmed slightl y to expose the
cells for observation for which the cellular contents had not been
di sturbed by the initial pre-fixation cutt ing. The sampl es were
dehydrated in a graded series of aqueous ethanol (10, 25, 50,
75, 95, and 100 % ethanol) followed by a graded series of ethanolamyl acetate (10, 25, 50, 75, 95, and 100 % amyl acetate) . Carbon
dioxide was used as the transitional fluid in a Ladd Critical Poim
Drye r. The ti ssue was then gold-coated in a Polaron E 5000
Sputtering Syste m. Samples were obse rved and photographed
at 20 kV with an ETEC Autoscan microscope.

Results and Discussion
Normal Peanut Structure
The embryo of the rest ing peanut seed consists of two cotyledons and a small radicle a nd plumule known as the germ. Processors are primarily conce rned with the tissue of the peanut
seed cotyledons which cons titutes about 96 % of the seed weight .
Each peanut seed cotyledon consists of epidermal , vascular,
and parenchymal ti ssue . Fi gu res I thru 4 depict the morphological and anatomical features of peanut coty ledon structure pertinent to thi s study. The epidermi s is made up of a si ngle layer
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F1g. 2. Morphology of the inner surlace of the cotyledon: (a)
Normal cotyledon with smooth and regular edges (arrow);
(b) Environmentally stressed cotyledon with rough and irregular edges (arrow) due to tissue damage; (c) Transverse
section of the normal cotyledon which reveals the indentation
(arrow) which transverses the longitudinal axis; and (d)
Transverse section of the environmentally stressed cotyledon
Which reveals the flattened inner surface (arrow). Bars =
1.0 mm.

of ce lls which covers the surface of the coty ledon. The epidermal cells of the rounded outer surface are more or less rectangular in outli ne (Fig. Ia). The ep idermal cell s of the inne r
surface are irregular in outline and conta in numerous stomata
(Fig. lb).

The vascular ti ssue of the pea nut seed extend s through each
coty ledon of the embryo. Woodroof and Leahy (1940) described
the vascular system as one series of six to eight bundles which
follow the curvature of the outer sur face and another series of
four to six centra ll y located bundles. Thi s vascular ti ss ue comprises only a small part of each cotyledon
The majority of the tissue of the cotyledon is made up of rather
large, almost isodiametric parenchyma cells (Fig. Jc- ld). The
pitted walls of the rest ing seed parenchyma cell s have conspicuou s depressions (Fig. 4e) . The wall depressions have been
described by numerou s workers (Woodroof and Leahy, 1940;
Vaughan , 1970 ; Yatsu, 1981 ; Schadel et al. , 1983).
The major subcellular organelles of the parenchyma cell s are
spherosomcs (lipid bodies), prote in bodies, and starch grains.
The transmission e lectron microscope has been used by Jacks
et al. (1967) and Neucere and Hensa rling (1973) to characterize
the sphcrosomes as particles about 1.0- 2.0 microns in diameter
bou nded by a limiting membrane. After Os04 fixation , the
limiting membranes of the spherosomes (lipid bcx:iies) are observable with the scanning electron microscope (Fig. ld) and create

a "honeycomb effect" which appears around the protein bodies
and starch grains.
Environmentally-Stressed Peanut Structure
One of the physical peculiarities observed in some environmentally stressed pea nut cotyledons is ti ssue damage which appears as a narrow band along the interface of the outer rounded
surface and the flattened edge of the inner su rface. The unsectioned appearance of this interface in a normal peanut cotyledon
is smooth and regular (Fig. 2a). The corresponding tissue has
a typical ordered appeara nce when viewed in a transverse section (Fig. 4a). The unsectioned appearance of thi s interface in
an environmentaJ iy stressed peanut cotyledon is rough and irregular (Fig. 2b). The corresponding tissue is characterized by
cellular disruption and ti ss ue disorganizat ion when viewed in
a transverse section (Fig. 4b).
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Fig. 4. Internal tissue organi7.ation of normal and environmentally stre'\Sed peanut cotyledon: (a) Transverse section
of the interface of the inner and outer surface of a normal
cotyledon. Bar = 50.0 JAm; (b) Transverse section of the interface of the inner and outer surface of an environmentally
stressed cotyledon with tissue damage. Bar = 50.0 p.m; (c)
Transverse section of the tissue in the indentation of the inner surface of a normal peanut cotyledon. Bar = 20.0 11m;
(d) Transverse section of the tissue of the flattened inner surface of an environmentally stressed coty ledon. Bar = 20.0
p. m; (c) Transverse sect ion of the outer rounded surface of
a normal peanut cotyledon. Note the conspicuous depressions in the exposed pitted wall of a parenchyma cell (arrows). Bar = 20.0 11 m ; and (0 Transverse section of an undamaged area on the outer surface of an environmentally
stressed peanut. Note the similarity of the cellular appearance to the normal peanut cotyledon. Bar = 20.0 11 m.

Fi '· 3. Tissue disruption on the environmentally stressed
cotyledon: (a) Outer rounded surface with tissue damage.
Bar = 1.0 mm ; (b) Fissure on the outer rounded surface
with cellular contents extruded. Note the spherical thickened
mass of extruded cellular contents (arrow). Bar = 50.0 p. m;
(c) Transverse section of a fissure on the outer su rface. Bar
= 50.0 p. m; and (d) Transverse section of a fissure revealing
amorphous coagulated cytoplasm. Bar = 20.0 p.m.
A second phys ical peculiarity observed in some environmentall y stressed peanut coty ledons is the abse nce of the characteristi c indentation which traverses the longitudinal axis of the inner surface. Thi s structural difference ca n best be observed in
transverse sectio n of the entire c01y ledon (Fig. 2c- 2d).
A third physical peculiarity obse rved in environme ntall y
stressed peanut st ructure is the cracki ng and fissuring of the
coryledon surface which appears as spotting on the outer surface when viewed with the unaided eye. These physica l di sruptions are easi ly observed with the SEM and a re c haracte rized
by the extrusion of coagulated cellular contents onto the surface
of unsectioned cotyledon (Fig. 3:.- 3b). The cellular contents
which have bee n extruded are referred to as ··coagu lated" in the
se nse of a fluid whic h has changed into a thickened mass. In

transverse section, the coagulated cellular contents can be seen
to ex tend to the depth of th e fiss ures (Fig. 3c-3d). This fi ssuring of ti ss ue and disrupt ion of ce llular contents is believed to
be the primary source of the off-flavo r problems assoc iated with
environmentally stressed peanuts. The fissuring is probabl y
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caused by the lac k of wate r. Thi s would all ow a ir to e nter the
tissue and promote ox idation of the cell conte nts. especially un saturated li pid substances. Further investigatio ns of the extmded
cellular co nte nts a rc necessary to characte rize thei r chemica l
nature mo re specifically.
Transverse secti ons taken from the middl e of the inne r and
outer surface of the normal pea nut cotyledon and from identical regio ns in unc racked areas of environmenta lly stressed
cotyledon revea led no unusual physica l characte ristics. The
cellul ar contents and ti ssue organization of the middle of the
inner surface in the normal coty ledon with its strong longitu dinal indentation (Fig. 4c) were comparable to the cellular contents and tissue o rganization of the flatt ened inner surface of
environme ntall y stressed cotyledons (Fig. 4d). Thus, it appea rs
that the lack of the characteristic indentation in the environmentall y stressed cotyledon is a manifestatio n of incomplete morphological development which does not result in cellular and
tissue abnormalities. Cellular contents and ti ssue organizat ion
were also comparable in transverse sectio ns taken from the outer
rounded surface of normal coty ledons (Fig. 4c) and from unc racked areas of the outer rounded surface of envi ronmentall y
stressed coty ledo ns (Fig. 4f) .

Discussion with Reviewers
\V.J . \Volf: Have you tried wash ing stressed peanuts with
various solvents to see what the ex truded materials will d issolve
in? Since peanut kernel s contain about 50% o il , the extruded
material (a rrow. Fig. 3b) may likely be most ly lipid. It would
be interest ing to see whether the extruded mate ri als would be
removed by rinsing the cotyledo ns in hexa ne. Rinsing in water
would leave the o il and sta rch but d issolve the proteins
Authors: Our future investigation of the ex truded materia ls to
characterize their chemical nature mo re specificall y wi ll include
not only a hexane rinse and a wate r rinse before fixation; bu t,
we also plan to try a hexane rinse fo llowed by a water rinse and
a water rin se followed by a hexane rin se. Thi s experime ntal
des ign will all ow us to investigate the alternative possib ility that
the ex truded material may actually be a combi natio n of oi l and
protein extruded as a result of cellular di sruption

Acknowledgement
Paper No. 9127 of the Journal Series of the North Carolina
Ag ricultural Research Serv ice, Ral eigh, NC.

Bagley BW, Cherry JH , Rollin s ML . Altsc hul AM . (1963)
A study of protein bodies during germination of peanut (Arachis hypogaea L.) seed. Am. J. Bot. 50:523- 532.

Chabot JF. (1979). Preparatio n of food sc ience sampl es for
SEM. Scanning Electron Microscopy 1979; 111 :279- 286.
Jacks TJ, Yatsu LY, Altschul AM. (1967). Isolation and char·
acte rization of peanut spherosomes. Plant Phys iol. 42:585 5fJ7.
Ncucere NJ, Hensarling TP. (lfJ73) . lmmunochemica l-cytological stud y of proteins from partiall y defatted pea nuts. J. Agr.
Food Chem. 21 :192- 195
Sc hadel WE , Walte r Jr WM , Young Cf. (1983). Cotyledon
stru cture of resting peanut (Arachis hypogaea L. cv. Flo run ner) seed before and after hydraulic press ing. J. Food Sc i. 48:
1405- 14(]7.
USDA. (1981). Peanut Marketing Summary 1980- 1981 Crop.
Federal -State Market News Service, Thomasv ill e, GA. 29 pp
Vaughan JG. (1970). "The Structure and Ut ili zation o r Oi l
Seeds."' Chapman and Hall, London , Great Britain, pp. 129- 133.
Wood roof JG , Leahy JF. (1940) . Mi croscopica l studies of
peanuts with references to process ing. Georgia Agr. Expt. Sta.
Bull. No. 205, Expe riment , GA 30212
Yarb ro ugh JA. (1949). Arach is hypogaea . The seedling. its
cotyledons, hypocotyl and roots. Am. J. Bot. 36:758-772.
Yatsu LY. (19&1). Ce ll -wall architecture of peanut (Arachis
hj1>ogaea L.) cotyledon parenchyma cells and resistance of
crushing. J. Am . Oil Chern. Soc. 58:148A - 150A .

190

